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I. INTRODUCTION
Recently, two hidden-bottom charged meson resonances, referred to as Zb(10610) and
Zb(10650), were observed by the Belle Collaboration [1] as two narrow resonance structures
in the mass spectra of pi±Υ(nS) (n = 1, 2, 3) and pi±hb(mP ) (m = 1, 2). They are produced
in association with a single charged pion in Υ(5S) decays with the following values of mass
and width, averaged over the five final states:
M [Zb(10610)] = (10607.2± 2.0)MeV/c2, Γ[Zb(10610)] = (18.4± 2.4)MeV,
M [Zb(10650)] = (10652.2± 1.5)MeV/c2, Γ[Zb(10650)] = (11.5± 2.2)MeV. (1)
Two main theoretical structure assignments are proposed for these hidden-bottom meson
resonances. One is based on molecular excitations [2, 3], the molecules being two meson
bound state with a very small binding energy, and the other one is the tetra-quark interpre-
tation [4, 5] using the analogy similar to the charm sector.
The JP of both, Zb(10610) and Zb(10650), is determined to be 1
+. This is consistent
with their decay into a 1−-state (Υ(nS)) and a 0−-meson in a relative s-state. In this note
we suggest that these new states are tetraquarks made of (bb¯ qq¯) with q = u, d, s. We work
out the consequences of broken SU(3) symmetry to derive sum rules for tetraquark decay
coupling constants.
II. NOTATION
Let us consider a general tetraquark T (QQ¯ qq¯)) with Q (= b or c) quark a SU(3) flavour
singlet and qq¯ made of the light quarks q (= u, d, and s). One natural decay mode of the
tetraquark T (QQ¯ qq¯) would be
T (QQ¯ qq¯)→ H(QQ¯) +M(qq¯), (2)
where H(QQ¯) is a heavy meson since Q = b or c and M(qq¯) could be the SU(3) flavour 0−
pseudoscalar octet P,
P =


1√
2
pi0 + 1√
6
η pi+ K+
pi− − 1√
2
pi0 + 1√
6
η K0
K− K¯0 − 2√
6
η

 , (3)
or the 1− vector octet V,
V =


1√
2
ρ0 + 1√
2
ω ρ+ K∗+
ρ− − 1√
2
ρ0 + 1√
2
ω K∗0
K∗− K¯∗0 φ

 . (4)
Furthermore, one expects that H(QQ¯) and M(qq¯) in the final state have the same JP they
have in the tetraquark. This is the simplest possibility.
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III. SUM RULES
If one assumes that the decay interaction is flavour SU(3) singlet, then all the eight decays
will have the same coupling constant G0. However if one considers a first order breaking
interaction transforming like λ8 (or T
3
3 ) which conserves isospin invariance then this will
give rise to two SU(3) breaking coupling constants, GF and GD, which arise from the an-
tisymmetric and symmetric octets resulting from the breaking interaction and the M(qq¯)
octet in the final state. Thus, the eight decays will be given in terms of three coupling con-
stants. However, since isospin invariance is present, there will be four independent coupling
constants namely, when the M(qq¯) meson is (K+, K0), (K¯0, K−), (pi+, pi0, pi−), and ss¯.
These four coupling constants will be linear combinations of G0, GF , and GD, and hence,
we expect a sum rule among the four coupling constants of the observable decays [6–8].
Since the SU(3) calculation is analogous to the calculation of the meson masses with
λ8 breaking, one obtains a coupling constants sum rule analogous to the Gell-Mann-Okubo
mass formula for mesons [9, 10]. Thus, if our interpretation of the observed particles as
tetraquarks is right we expect,
2G
[
T (QQ¯K)→ H(QQ¯) +K]+ 2G [T (QQ¯K)→ H(QQ¯) + K¯] =
G
[
T (QQ¯pi)→ H(QQ¯) + pi]+ 3G [T (QQ¯ ss¯)→ H(QQ¯) +M(ss¯)] . (5)
Here K = K+ or K0, K¯ = K¯0 or K−, pi = pi+, pi−, or pi0. The heavy quark Q is a SU(3)
singlet and could be either b or c quark.
The above formula for decay coupling constants is also valid for tetraquarks
T (QQ¯′M(qq¯)) where Q = b (or c) with Q′ = c (or b).
As noted earlier, the light quark octet M(qq¯) could be the 1− vector octet (ρ, K∗, etc.).
In this case, the sum rules would be valid with the obvious changes pi → ρ, K → K∗, etc.
The sum rules contain M(ss¯) and represents η, η′, φ or ω as appropriate.
Applied to specific decay modes of the tetraquarks, the sum rule translates into the
following sum rules,
2GK+ + 2GK¯0 = Gpi+ + 3Gη ,
2GK− + 2GK0 = Gpi− + 3Gη ,
2GK0 + 2GK¯0 = Gpi0 + 3Gη ,
2GK+ + 2GK¯0 = Gpi+ + 3Gη′ ,
2GK− + 2GK0 = Gpi− + 3Gη′ ,
2GK0 + 2GK¯0 = Gpi0 + 3Gη′ ,
where we have abbreviated the couplings as G
[
T (QQ¯K+)→ H(QQ¯) +K+] ≡ GK+, and
similarly for the other couplings.
As is well known, both for pseudoscalar and vector mesons, ss¯ is a combination of the
SU(3) singlet η1 and the eighth component η8. This mixing must be taken into account in
testing our coupling constants sum rule. Specifically, in terms of the SU(3) flavor states η1
and η8,
ss¯ =
1√
3
η1 − 2√
6
η8, (6)
where
3
η1 =
1√
3
(uu¯+ dd¯+ ss¯) and η8 =
1√
6
(uu¯+ dd¯− 2ss¯). (7)
For JP = 0−, η(548) = η8 cos θ − η1 sin θ and η′(958) = η8 sin θ + η1 cos θ, with θ = −11.5◦.
For JP = 1−, η(548)→ φ(1020) and η′(958)→ ω(782), with θ = 38.7◦ [11].
The various couplings entering the sum rules can be extracted from the appropriate decay
widths. For the Zb(10610) and Zb(10650) tetraquark decays into two particles, a 1
−-state
(Υ(nS)) and a 0−-meson, in a relative s-state the width is given by
Γ =
1
8pi
k
M2
|A|2, (8)
where M is the tetraquark mass, k is the momentum of a decay particle and A is the
transition amplitude. For s-wave decay we take A = GM , so that
G2 =
8pi
k
Γ. (9)
Numerical results for G [Zb(10610)→ Υ(nS) + pi+] and G [Zb(10650)→ Υ(nS) + pi+] (n =
1, 2, 3) are presented in Table I [11]. The sum rules can hopefully be verified when data for
other decay modes of Zb-tetraquarks are available.
IV. CONCLUSIONS
In anticipation of more solid data on tetraquarks in the future [12], we have derived sum
rules for tetraquark decay coupling constants assuming broken SU(3) symmetry only up
to the first order. Our sum rules, Eqs. (5), rely on the assumption that the heavy quarks
are spectator singlets. It will be interesting to check these sum rules when the tetraquark
spectroscopy gets better defined in the future.
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TABLE I: Numerical results for Zb(10610) and Zb(10650) parameters obtained from Zb(10610) →
Υ(nS) + pi+ and Zb(10650) → Υ(nS) + pi+ (n = 1, 2, 3) analysis.
Υ(1S)pi+ Υ(2S)pi+ Υ(3S)pi+
M [Zb(10610)] (MeV) 10611 ± 4 10609 ± 2 10608 ± 2
Γ[Zb(10610)] (MeV) 22.3 ± 7.7 24.2 ± 3.1 17.6 ± 3.0
k (MeV) 1080.3 ± 3.6 553.2 ± 2.0 208.3 ± 2.4
G2 0.52 ± 0.18 1.10 ± 0.14 2.12 ± 0.36
M [Zb(10650)] (MeV) 10657 ± 6 10651 ± 2 10652 ± 1
Γ[Zb(10650)] (MeV) 16.3 ± 9.8 13.3 ± 3.3 8.4± 2.0
k (MeV) 1121.8 ± 5.4 594.0 ± 2.0 258.3 ± 1.2
G2 0.37 ± 0.22 0.56 ± 0.14 0.82 ± 0.19
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